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ABSTRACT

Soderblom's method for age dating mare surfaces by
crater morphology is presented in condensed form. By observing
the largest unshadowed crater in the 10 m to 1 km diameter range
on an Orbiter photograph, and using the figures included, an
area can be dated in a relative sense. Soderblom's results on
maria and several large craters are summarized.

An estimate of the absolute ages of the surfaces can
be obtained by applying the age data from the Apollo 11 and 12
points and making an assumption about the meteoroid flux history.
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INTRODUCTION

Determination of the age of areas on the lunar
surface by crater counts has been attempted with varying
degrees of success in the past. This memo discusses, in
shortened form, a method for relative age determination

(1)

developed by Larry Soderblom of the California Institute

of Technology.

Soderblom developed the method to overcome the
two major shortcomings of previous methods:

1. Plotting of the entire crater diameter -~ frequency
distribution, which is very time consuming.

2. Poor statistics for small areas. Counts over areas
large enough to produce good statistics often cover
several units of possibly different ages, which meant
that only an average age was obtained. Swarms of
secondaries can also skew the distribution.

CRATER NISTRIBUTION

A plot of the size frequency distribution of craters
on the lunar surface reveals several pertinent features. Shown
in Figure 1 are representative curves for old and young surfaces.
For small crater diameters the curves coincide and have a slope
of -2.0. This curve defines the equilibrium or steady-state
surface and has been found to persist at all Surveyor landing

sites. (2} Between diameters of about 10 meters and one kilometer
the distributions have a slope of approximately -3.0. Craters

in this size range are formed primarily by secondary impacts

from material ejected during the formation of craters larger than
several kilometers in diameter. The distribution for larger
craters has a slope of about -1.7 and is attributed largely to

primary impacts. This portion of the curve is not shown in Figure 1.

The diameter of the largest size crater in the steady-

state portion of the distribution is designated Cq and gives a
measure of the relative age of the surface.(z) Determining CS

accurately is subject to the problems outlined in the introduction.
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METHOD

Soderblom's method utilizes the time-dependent change
of the slope profile of craters having diameters near CS. This

change of slope is produced by erosional impacts which produce
craters small compared to the crater being eroded.

The erosion by small bodies which individually. produce
only minor changes in the shape of a crater being eroded is
nevertheless the dominant process by which the shape of craters
of diameter less than one kilometer is changed. Therefore, the
slope of a crater is a good indication of the cumulate number
of small particles recorded since its formation and, hence, its
age. During the period in which a crater is eroded, random
statistical variations in the distribution of the small eroding
impacts are averaged out because of their high frequency. By deter-
mining the relative age of the oldest crater on a surface, that

surface can be dated in terms of the integrated particle flux.
Absolute ages can be determined only after the particle flux
history is known.

From the analytical erosion model given by Soderblom,
the lifetime, t, of a crater is

T = C 1n1/2 (si/st) D (1)

where C is a constant, Si is the initial slope (~tan 30°), St is

the lower termination slope, and D is the crater diameter.

It is not practical to determine an age from the slope
frequency distribution since precise measurements of slope are
not possible. However, the crater size DS’ the diameter at which

the slope frequency distribution is terminated at the local sun
angle (SS), can be measured directly from photography. All

craters larger than D, have shadowed interiors.

S

Equation 1 can then be written

1/2

T = C ln (Si/SS) DS (2)

To determine DS photographically, the most precise way is to

measure the ratio (P) of unshadowed to shadowed craters as a
function of diameter. The ratio is zero for craters larger than
DS' The form of the ratio predicted by the erosion model is shown

for different sun angles in Figure 2 and can be expressed as:
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=0, D>D

S
Ds
P=—F-1, Cg < D < Dg (3)
D
S
P=__1’D<C
CS ]
For D < CS’ the constant value of P is dependent on photographic

print quality since CS is controlled by the lower limit of slope

at which a crater is recognizable.

Equations (1) and (2) imply a time scale concomitant
with a constant meteoroid flux history. Since a constant flux
cannot be assumed, Soderblom has provided a standard for compari-
son of ages in terms of the size of crater, DL’ which would be

eroded below some small slope Sf in the lifetime of the surface.

1/2
Dp = ln1/2 215 Dg (4)
1n (5,/5¢)

Soderblom found that DS

with nearly the same accuracy as
the distribution shown in Figure

could be

TECHNIQUE

obtained from the photograph

obtained by completely defining
2.

The method can be applied to any su;face on which
large-scale blanketing of the crater or slumplpg and mass
wasting are not dominating factors in the erosion and destruc-

tion of craters.
" region other than the maria.

In order to make consistent age determinations,
photographic definition of a shadow must be fixed.

chosen the definition that a
such as fractures and craterlets
portion of the wall.

The technique for determining D

the largest clearly unshadowed crater for the lower limit of D

.
vt

[P T .o
crater is unshadowed

This criterion rules out almost any lunar

the
Soderblom has
when features

are visible in the nearly shaded

g involves looking for

S.

The upper limit is defined as the largest crater whose shadow

profile has just disappeared.
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Anomalous depressions which may initially have had
small slopes can be avoided by testing to see if the unshadowed
craters smaller than the "largest unshadowed crater" become
rapidly more abundant with decreasing size. Using this technique
the uncertainty in DS is about 10%. Of course, D, varies with

S
local sun angle. Figures 3 and 4 are look-up tables for deter-
mining DL f, the final slope, is taken as tan 4°. Figure 5

is a plot of the relative ages in the form of Do for different

maria and selected craters. If one hes to assume a flux
history, absolute ages can be a551g/gés i ,

-

2015-AFHG-gmr A/ F. H. Goetz
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Figures 1-5
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FIGURE 1- THEORETICAL SIZE DISTRIBUTIONS OF CRATERS ON
OLD AND YOUNG SURFACES. FOR OLDER SURFACES
Cg.THE UPPER LIMIT OF THE STEADY STATE DIS-

LOG,, CRATER DIAMETER, m

TRIBUTION,INCREASES.
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FIGURE 2 - THE RATIO OF UNSHADOWED TO SHADOWED CRATERS
AS A FUNCTION OF CRATER DIAMETER, AS CALCULATED
FROM THE EROSION MODEL. THIS RATIO, P, IS SHOWN
FOR THREE SOLAR ELEVATION ANGLES, Ss. Dg IS THE
DIAMETER OF THE LARGEST UNSHADOWED CRATER
AND INCREASES WITH INCREASING Sg. Cg IS THE UPPER
LIMIT OF DIAMETER OF CRATERS IN STEADY STATE.
IT WAS ASSUMED THAT Cs DOES NOT VARY WITH
SOLAR ELEVATION ANGLE. (SODERBLOM)
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